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ABSTRACT 
Intraoperative feedback on tissue function, such as blood volume and oxygenation would be useful to the surgeon in 
cases where current clinical practice relies on subjective measures, such as identification of ischaemic bowel or tissue 
viability during anastomosis formation. Also, tissue surface profiling may be used to detect and identify certain 
pathologies, as well as diagnosing aspects of tissue health such as gut motility. In this paper a dual modality laparoscopic 
system is presented that combines multispectral reflectance and 3D surface imaging. White light illumination from a 
xenon source is detected by a laparoscope-mounted fast filter wheel camera to assemble a multispectral image (MSI) 
cube. Surface shape is then calculated using a spectrally-encoded structured light (SL) pattern detected by the same 
camera and triangulated using an active stereo technique. Images of porcine small bowel were acquired during open 
surgery. Tissue reflectance spectra were acquired and blood volume was calculated at each spatial pixel across the bowel 
wall and mesentery. SL features were segmented and identified using a ‘normalised cut’ algoritm and the colour vector 
of each spot. Using the 3D geometry defined by the camera coordinate system the multispectral data could be overlaid 
onto the surface mesh. Dual MSI and SL imaging has the potential to provide augmented views to the surgeon supplying 
diagnostic information related to blood supply health and organ function. Future work on this system will include filter 
optimisation to reduce noise in tissue optical property measurement, and minimise spot identification errors in the SL 
pattern. 
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1. INTRODUCTION  
Intraoperative feedback on tissue function and structure, such as haemodynamics and motility would be useful to the 
surgeon in cases where current clinical practice still relies on subjective measures. Assessment of the perfusion of an 
organ post-transplant, for example, provides an indicator of the efficacy of the vascular anastomoses1. Similarly, imaging 
of the microperfusion in the perianastomotic region following bowel resection and reattachment surgery may also allow 
prediction of areas at risk of leakage2, thus preventing subsequent complications3. 
Three-dimensional surface imaging during surgery has the potential to enable augmented reality visualistion of sub-
surface structures by combining 3D preoperative datasets, such as CT scans, with the live view through registration of 
their common surfaces4. This would allow more accurate resection of subsurface tumours or other features not easily 
visible by optical means. Furthermore, topological data may add diagnostic value by detecting features such as flat 
polyps, or quantifying the function of the gut through its motility5. 
A dual modality laparoscopic system is presented that combines multispectral reflectance and 3D surface imaging using 
structured light. A fast filter wheel system with interchangeable filters allows rapid acquisition of reflected intensity data 
in the visible and near infrared regions. Spectral detection can be optimized for detection of tissue-specific absorption 
features or classification of projected features from a structured light projector. Three dimensional overlays of blood 
volume on the surface shape are possible using the shared camera coordinates of both modalities. The potential of the 
system is demonstrated in an in vivo test on the porcine abdomen, where the small bowel and associated mesenteric 
supply were imaged. 
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2. METHODS 
2.1 Multispectral imaging (MSI) 
A fast filter wheel-based multispectral camera (SpectroCam; Pixelteq, Florida, USA) has been adapted for use with a 
rigid endoscope6, allowing image acquisition at eight wavebands. A full datacube (stack of eight images) may be 
acquired at a rate of approximately 3.5 Hz, with a maximum exposure time of 33 ms per image. Each filter has a 
bandwidth of 100 nm with central values spanning the visible and near-infrared (425, 475, 550, 575, 615, 650, 675 and 
775 nm). The transmission characteristics of the filters are shown in Figure 1. A rigid endoscope (30° laparoscope; Karl 
STORZ GmbH, Tuttlingen, Germany) is mounted on the system using a custom-made adapter and its light input 
connected to a standard surgical light source (Xenon 300; Karl STORZ GmbH, Tuttlingen, Germany). 
 
Figure 1. (a) Emission spectra of the xenon and structured light (wavelength of peak emission intensity for each spot) 
sources. (b) Transmission properties of the MSI filters. 
2.2 Structured light 
An optical fibre-based miniaturized structured light (SL) projector, which has been described in detail previously7, 8, was 
positioned on a rigid metal arm so that the position of its tip remained fixed with respect to the tip of the laparoscope. 
The pose of this arm was adjusted so that the SL pattern filled a region in the centre of the imager’s field-of-view. The 
intrinsic (camera and ray projection) and extrinsic (relative position) properties of the system were calibrated prior to the 
experiment using a planar chequerboard target with squares of known dimensions. The colours of the projected spots 
could be tuned by adjusting the position of the probe’s input with respect to the dispersed supercontimuum laser light. 
The spectral content of the projected spots (Figure 1 (a)) was measured using a separate high resolution spectral imaging 
device9 and verified to span the range of wavelengths where the overlap between the transmission profiles of the filters 
was greatest. The relative number of blue spots present was minimized due to the relatively low power emission of the 
source as well as high absorption by blood in this region. The projected spots were detected and identified using a light 
pattern decoding algorithm incorporating a ‘normalised cut’ segmentation and colour vector labelling routine. 
2.3 In vivo experiment 
The system was trialled on a 45 kg domestic white pig during an open abdominal surgical procedure (conducted under 
local ethics approval) during which the large and small bowel were exposed. The MSI SL system was positioned at a 
working distance of 6 cm from the tissue and the main theatre lights switched off, leaving only a low level of ambient 
light. At any given tissue site at least three data cubes were acquired, comprising SL and white light illumination, as well 
as a background reading with SL and xenon light switched off. 
3. RESULTS 
3.1 Multispectral imaging 
The reflectance of the tissue at each point was measured by dividing the greyscale intensity image by a corresponding 
intensity value for a white reflectance standard. Figure 2 (a) shows the resulting mean absorbance spectrum for a 
segment of bowel exhibiting strong absorbance at blue/green wavelengths but dropping sharply in the red region (above 
600 nm). Figure 2 (b) shows a ‘blood volume’ image generated by taking the intensity difference between a red (615 nm) 
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and green (550 nm) wavelength and normalizing it by the red value. This index is related to total haemoglobin (Hbt)1 and 
is therefore a measure of the perfusion of the organ. 
 
Figure 2. Multispectral imaging in vivo. (a) Mean absorbance spectrum for a segment of bowel (b) Spatial map of blood 
volume index. White arrows indicate the abdominal incision. 
Figure 2 shows high values for Hbt corresponding to the blood vessels in the bowel wall. A strong haemoglobin signal is 
also visible in the cross-section of the incision used to expose the organs. 
3.2 Structured light 
Figure 3 (a) shows the region in the field-of-view, in a colour image reconstructed from the 475, 550 and 615 nm 
multispectral images, where the structured light pattern (Figure 3 (b)) was incident at the junction between two loops of 
large bowel. The centroids of each of the detected and spectrally identified spots were triangulated, resulting in the 
sparse point cloud shown in Figure 3 (c). A cubic interpolation was then used to generate a smooth surface (Figure 3 
(d)). The tissue topology where the two loops of large bowel meet is clearly visible. The region-of-interest of the colour 
image corresponding to the reconstructed area is approximately 40 mm in diameter, while the depth of the valley 
between the two bowel segments is approximately 10 mm. 
 
Figure 3. (a) Region of interest in camera's field-of-view corresponding to the reconstructed surface. (b) Structured light 
pattern on the tissue (reconstructed from three MSI frames). (c) Point cloud generated from 3D reconstruction. (d) Surface 
interpolated from sparse point cloud. 
Once the images captured by the MSI camera were processed to generate standard colour and blood volume images they 
could be projected onto the 3D surface as shown in Figure 4. 
Proc. of SPIE Vol. 9316  93160C-3
Downloaded From: http://proceedings.spiedigitallibrary.org/ on 06/02/2015 Terms of Use: http://spiedl.org/terms
(a) Column (b) Column
Figure 4. 3D overlay. (a) Colour and (b) multispectral data (blood volume) reprojected onto the 3D mesh and shown relative
to the camera centre. The red lines indicate the position of the camera ‘pinhole’ (lens) and the image plane (camera sensor) 
relative to the surface. Blue lines indicate the coordinate system used, with the rows and columns of the image pixels in two 
dimensions and depth, corresponding to the optical axis, in the third.
4. DISCUSSION AND CONCLUSIONS
A multispectral camera has been used to enable dual modality imaging by detecting both white light reflectance and 3D
surface structure of tissue in vivo. The MSI camera's eight filters allow detection of wavelength dependent changes in
reflected light intensity due to haemoglobin as well as identifying the spectrally-encoded spatial information in a
structured light pattern.
Although used in an open surgical procedure in this paper the system may be used in a truly laparoscopic
implementation, with the projector introduced in a separate port and its spatial relationship to the camera fixed 
externally. Flexible calibration routines will also need to be developed in order to accommodate the changing 
environment of the operation, which may include variations in the pose of the projector and adjustments to the focus of 
the camera.
Future implementations of the system will use a triggered acquisition system allowing interleaved imaging of xenon and 
structured light. Further optimisation of the filter set and spectral content of the structured light pattern will allow greater
sensitivity to changes in the shape of the tissue reflectance properties and, therefore, its oxygenation. 
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